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AIMS
Aprepitant and fosaprepitant, commonly used for the prevention of chemotherapy-induced nausea and vomiting, alter
cytochrome P450 activity. This systematic review evaluates clinically significant pharmacokinetic drug interactions with
aprepitant and fosaprepitant and describes adverse events ascribed to drug interactions with aprepitant or fosaprepitant.

METHODS
We systematically reviewed the literature to September 11, 2016, to identify articles evaluating drug interactions involving
aprepitant/fosaprepitant. The clinical significance of each reported pharmacokinetic drug interaction was evaluated based on the
United States Food and Drug Administration guidance document on conducting drug interaction studies. The probability of an
adverse event reported in case reports being due to a drug interaction with aprepitant/fosaprepitant was determined using the
Drug Interaction Probability Scale.

RESULTS
A total of 4377 publications were identified. Of these, 64 met inclusion eligibility criteria: 34 described pharmacokinetic drug
interactions and 30 described adverse events ascribed to a drug interaction. Clinically significant pharmacokinetic interactions
between aprepitant/fosaprepitant and bosutinib PO, cabazitaxel IV, cyclophosphamide IV, dexamethasone PO,
methylprednisolone IV, midazolam PO/IV, oxycodone PO and tolbutamide PO were identified, as were adverse events resulting
from an interaction between aprepitant/fosaprepitant and alcohol, anthracyclines, ifosfamide, oxycodone, quetiapine, selective
serotonin reuptake inhibitors/serotonin-norepinephrine reuptake inhibitors and warfarin.

CONCLUSIONS
The potential for a drug interaction with aprepitant and fosaprepitant should be considered when selecting antiemetic therapy.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Aprepitant and fosaprepitant are moderate and weak CYP3A4 inhibitors, respectively. Aprepitant is also a weak CYP2C9
inducer.

• There are no systematic literature reviews describing interactions between aprepitant or fosaprepitant and other
drugs.

WHAT THIS STUDY ADDS
• Using the FDA’s definition, reports of clinically significant pharmacokinetic interactions between aprepitant and
bosutinib, cabazitaxel, cyclophosphamide, dexamethasone, methylprednisolone, midazolam, oxycodone and
tolbutamide were identified.

• Concurrent administration of aprepitant and the following drugs may lead to adverse events: alcohol (impaired
cognition), ifosfamide (neurotoxicity), oxycodone (decreased respiratory rate, increased feeling of a ‘high’), quetiapine
(somnolence), SSRI/SNRIs (vomiting) and warfarin (INR changes). Administration of fosaprepitant and anthracyclines
via the same peripheral vein may cause a local reaction at the infusion site.

Tables of Links

TARGETS

GPCRs [2] Enzymes [3]

NK1 receptor CYP3A4

CYP2C9

LIGANDS

alcohol methylprednisolone

aprepitant midazolam

bosutinib ondansetron

cabazitaxel oxycodone

cyclophosphamide palonosetron

dexamethasone paroxetine

digoxin pazopanib

dinaciclib prednisolone

docetaxel quetiapine

dolasetron tacrolimus

erlotinib thiotepa

fosaprepitant tolbutamide

granisetron vinorelbine

ifosfamide warfarin

melphalan

These Tables list key protein targets and ligands in this article which are hyperlinked to corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to
PHARMACOLOGY 2015/16 [2, 3].

Introduction
A neurokinin-1 antagonist such as oral (PO) aprepitant or
its intravenous (IV) prodrug, fosaprepitant, together with
a 5-HT3 antagonist and dexamethasone, are strongly
recommended for prophylaxis of chemotherapy-induced
nausea and vomiting (CINV) in both adult and paediatric
cancer patients receiving highly emetogenic chemotherapy
[4–7]. However, aprepitant and fosaprepitant are moderate
[8, 9] and weak inhibitors of CYP3A4 [10, 11], respectively,
and there is uncertainty regarding the clinical significance of
potential interactions with CYP3A4 substrates. A moderate
CYP3A4 inhibitor may increase the area under the
concentration vs. time curve (AUC) of a victim drug by two-
to up to five-fold and a weak CYP3A4 inhibitor may increase
AUC of a victim drug by 1.25- up to two-fold [12]. CYP3A4

inhibitors may also reduce the conversion of a prodrug to its
active form [13]. Aprepitant or fosaprepitant may therefore
influence the toxicity and the efficacy of concomitantly
administered drugs. Recommendations for CINV prevention
in children with cancer caution against the use of
aprepitant with antineoplastic agents which are CYP3A4
substrates [6, 14]. However, avoidance of aprepitant due to
potential interactions with antineoplastic therapy may
open patients to uncontrolled CINV.

There is, however, no comprehensive, systematic assess-
ment of the literature describing the extent of interaction
between aprepitant or fosaprepitant and other drugs. The
primary objective of this systematic review was to describe
the pharmacokinetic disposition of drugs co-administered
with aprepitant or fosaprepitant using a standard definition
of clinical significance. Our secondary objective was to
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describe adverse events ascribed to a drug interaction with
aprepitant or fosaprepitant. The results of this systematic
review will facilitate informed decision making regarding
the selection of CINV prophylaxis.

Methods
The Preferred Reporting Items in Systematic Reviews and
Meta-Analyses Protocols [15] and the Preferred Reporting
Items in Systematic Reviews and Meta-Analyses guidelines
[16] were followed in conducting this systematic review.
Details on the search methods can be found in Supporting
Information Appendix S1 (Tables S1 and S2). The publication
selection, data extraction and quality assessment procedures
are presented in Supporting Information Appendix S2.

We defined pharmacokinetic drug interactions as
clinically significant according to the United States Food
and Drug Administration (FDA) guidance document on drug
interaction studies [17]. That is, an interaction was clinically
significant when: (1) the geometric mean ratio (GMR) for
the comparison of a victim drug’s maximum concentration
(Cmax) in the presence vs. in the absence of aprepitant or
fosaprepitant was greater than 1.25 or less than 0.80 or (2)
the GMR for the comparison of the AUC of a victim drug in
the presence vs. in the absence of aprepitant or fosaprepitant
was greater than 1.25 or less than 0.80. This definition was
based on the GMR for Cmax or AUC of the victim drug
irrespective of the associated confidence interval (CI).

A significant adverse event was defined as an event where
a patient experienced discomfort, harm or changes in a
laboratory parameter that was indicative of an increased risk
for harm that was highly suspected to have occurred due to
co-administration of aprepitant or fosaprepitant with the
patient’s other medications. In the case of comparative
studies, a high suspicion of interaction was defined as a
statistically significant difference in the rate of the adverse
event in the presence of aprepitant or fosaprepitant vs. the
absence of aprepitant or fosaprepitant. The probability that
the findings of case reports were a result of a drug interaction
with aprepitant or fosaprepitant was determined using the
Drug Interaction Probability Scale (DIPS) [18]. DIPS scores of
5 or greater indicate that a causal relationship between the
adverse event and the drug interaction is probable or highly
probable.

Results

Publication selection
Our literature search identified 4377 publications. Of these,
122 were brought to full text screening and 65 met criteria
to be included in the qualitative synthesis. One publication
[19] was excluded because it used methods that would affect
the validity and generalizability of study findings. Hence, a
total of 64 publications were included in the final synthesis
(see Figure 1). Inter-screener agreement was substantial with
a calculated kappa of 0.77 (95% CI: 0.65–0.88) [20]. The
quality assessment of all included publications (case reports
excluded) is reported in Supporting Information Appendix

S3 (Tables S3–S5). The DIPS scores of included case reports
are presented in Supporting Information Appendix S3
(Table S10).

Publication characteristics
Of the 64 included publications, 34 evaluated pharma-
cokinetic interactions in adults (aprepitant/fosaprepitant
and antineoplastic drug: 14 [21–34]; aprepitant/fosaprepitant
and non-antineoplastic drug: 20 [9, 11, 35–52]). Thirty-eight
described adverse events in adults potentially resulting from
drug interactions with aprepitant or fosaprepitant, eight of
which also evaluated for a pharmacokinetic aprepitant/
fosaprepitant drug interaction (aprepitant/fosaprepitant and
antineoplastic drug: 24 [23, 25, 33, 53–73]; aprepitant and
non-antineoplastic drug: 14 [35, 43, 46, 51, 52, 74–82]). In
all, 27 victim drugs were evaluated for pharmacokinetic
interaction with aprepitant or fosaprepitant and an adverse
event was ascribed by study authors to an interaction with
aprepitant or fosaprepitant for 15 victim drugs. Table 1
summarizes the characteristics of included publications.
Complete data summary tables are provided in Supporting
Information Appendix S3 (Tables S6–S9). A summary of
findings are presented in Table 2.

Pharmacokinetic interactions with aprepitant
or fosaprepitant
Antineoplastic drugs. Thirteen included publications
evaluated interactions between aprepitant and 10 individual
antineoplastic drugs [21–30, 32–34] and one publication
evaluated an interaction between fosaprepitant and
ifosfamide [31]. Seven included publications reported a
GMR for AUC or Cmax with and without aprepitant or
fosaprepitant, which allowed assessment of clinical
significance [27, 29–34]. Of these, three interactions met
criteria for clinical significance: bosutinib PO [34],
cabazitaxel IV [30] and cyclophosphamide IV [32].

GMR for AUC and Cmax with/without aprepitant were not
reported in the publications describing erlotinib (route not
reported) [28], ifosfamide IV [23], melphalan IV [24],
pazopanib IV [25], and thiotepa IV disposition [22]. However,
significant differences in other pharmacokinetic parameters
were reported for several of these drugs when co-
administered with aprepitant. Changes in parameters
indicative of reduced clearance were reported for CYP3A4
substrates in the presence of aprepitant: erlotinib (two-fold
increase in the trough concentration) [28], pazopanib IV
(reduction of mean oral clearance by 24–37%) [25] and
thiotepa IV (20% lower tepa exposure) [22]. In addition,
ifosfamide clearance was increased by approximately 60%
in the presence of aprepitant [23].

Non-antineoplastic drugs. Twenty publications evaluated
aprepitant or fosaprepitant interactions with 16 non-
antineoplastic drugs [9, 11, 35–52]. Interactions between
fosaprepitant and dexamethasone PO [11] or midazolam PO
[11] and between aprepitant and dexamethasone PO [44],
methylprednisolone IV [44], midazolam PO/IV [9, 47, 49],
oxycodone PO [39] and tolbutamide PO [46] met criteria for
clinical significance.

P. Patel et al.
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Multiple included publications evaluated aprepitant
drug interactions with CYP probe drugs: midazolam PO/IV
[9, 43, 47, 49] and tolbutamide PO [46, 47], implying effects
on CYP3A4 and CYP2C9, respectively. A significant
interaction with a higher dose of aprepitant (125 mg on day
1) was consistently demonstrated [9, 43, 47, 49]. When a
lower dose of aprepitant of 40 mg PO day 1, followed by
25 mg PO on days 2 and 3 was administered with midazolam
PO, the interaction did not meet criteria for clinical
significance (GMR AUC0–inf 1.22; 95% CI: 0.93–1.61 on day
1) [9]. Similarly, when a lower aprepitant dose of 40 mg was
administered with tolbutamide PO, the interaction did not
meet criteria for significance (GMR AUC0–inf 0.87, 90% CI:
not reported on day 4) [46].

Study authors did not report a GMR for AUC orCmax when
describing the co-administration of the following drugs with
aprepitant: alcohol IV [51], dexamethasone IV [45, 50],
prednisolone PO [42], quetiapine PO [52], tacrolimus IV [40]
and paroxetine PO [35]. However, significant differences in
other pharmacokinetic parameters were reported when
aprepitant was co-administered with several of these drugs.
Reduced clearance or measures indicative of reduced
clearance were observed for victim drugs which are CYP3A4
substrates: dexamethasone IV (reduction of dexamethasone
clearance by approximately 25% and 50% in presence of
aprepitant 40mg or 125mg, respectively [45, 50]), quetiapine
PO (11-fold increase in plasma quetiapine concentration in

presence of aprepitant [52]) and tacrolimus IV (43% increase
in mean dose-normalized tacrolimus concentration in
presence of aprepitant [40]). In addition, the arithmetic mean
AUC0–24h and Cmax of paroxetine, a CYP2D6 substrate, were
reduced by approximately 25% and 20%, respectively, in the
presence of aprepitant [35].

Adverse events ascribed to interactions with
aprepitant or fosaprepitant
Most (76%; 26/34) publications reporting pharmacokinetic
data did not report adverse events attributed to an
aprepitant/fosaprepitant drug interaction. Eight publications
did report that certain adverse events occurred more
frequently with concomitant aprepitant administration. Of
these, only one provided P-values [51] and two were case
reports [23, 52]. The results of these three publications are
presented with the other publications evaluating adverse
events attributed to aprepitant or fosaprepitant below.

Antineoplastic drugs. Twenty-four included publications
reported adverse events attributed to co-administration of
aprepitant or fosaprepitant and an antineoplastic agent
(anthracyclines, bexarotene PO, dinaciclib IV, erlotinib,
ifosfamide IV, and pazopanib IV) [23, 25, 33, 53–70, 72]. Of
these, interactions between fosaprepitant and anthracyclines
and aprepitant and ifosfamide IV were the suspected cause.

Figure 1
Study identification flow diagram

Aprepitant and fosaprepitant drug interactions

Br J Clin Pharmacol (2017) 83 2148–2162 2151



Ta
b
le

1
St
ud

y
ch

ar
ac
te
ri
st
ic
s
of

in
cl
ud

ed
st
ud

ie
s

A
rt
ic
le

(F
ir
st

au
th

o
r,

ye
ar

)
St

u
d
y

d
es

ig
n

N
P
o
p
u
la
ti
o
n

M
ed

ia
n
ag

e
(r
an

g
e)

,
ye

ar
s

A
p
re

p
it
a
n
t
(A

)
o
r

Fo
sa

p
re

p
it
a
n
t
(F
)

V
ic
ti
m

d
ru

g

P
h
a
rm

ac
o
k
in
et

ic
d
ru

g
in
te

ra
ct

io
n
p
u
b
li
ca

ti
o
n
s

A
n
ti
n
eo

p
la
st
ic

d
ru

g
s

H
sy

u
(2

0
1
5
)
[3

4
]

C
ro
ss
o
ve

r
RC

T
18

H
ea

lt
hy

N
R

A
Bo

su
ti
n
ib

PO

Sa
ra

n
to

p
o
u
lo
s
(2

0
1
4
)
[3

0
]

C
ro
ss
o
ve

r
st
u
dy

12
So

lid
m
al
ig
n
an

cy
56

(3
2–

71
)

A
C
ab

az
it
ax

el
IV

W
a
lk
o
(2

0
1
2
)
[3

2
]

C
ro
ss
o
ve

r
RC

T
18

Br
ea

st
ca

nc
er

55
(3
8–

77
)

A
C
yc

lo
ph

os
ph

am
id
e
IV

B
u
b
a
lo

(2
0
1
2
)
[2

1
]

Pa
ra
lle

lR
C
T

22
Pa

ti
en

ts
sc
he

du
le
d
fo
r
H
SC

T
46

(1
9–

63
)a

A
C
yc

lo
ph

os
ph

am
id
e
IV

D
e
Jo
n
g
e
(2

0
0
5
)
[2

2
]

PK
st
ud

y
w
it
h
hi
st
o
ri
ca

l
co

nt
ro
l

8
Br
ea

st
ca

nc
er

or
ge

rm
ce

ll
ca

nc
er

N
R

A
C
yc

lo
ph

os
ph

am
id
e
IV

Th
io
te
pa

IV

Z
h
a
n
g
(2

0
1
2
)
[3

3
]

C
ro
ss
o
ve

r
RC

T
12

A
d
va

n
ce

d
m
al
ig
na

nc
y

52
(3
5–

70
)

A
D
in
ac

ic
lib

IV

K
a
n
et

a
(2

0
1
4
)
[2

6
]

C
ro
ss
o
ve

r
st
u
dy

16
So

lid
tu
m
ou

r
67

.5
(5
6–

76
)

A
D
o
ce

ta
xe

lI
V

N
yg

re
n
(2

0
0
5
)
[2

9
]

C
ro
ss
o
ve

r
RC

T
10

So
lid

m
al
ig
n
an

cy
N
R
(5
0
–
68

)
A

D
o
ce

ta
xe

lI
V

M
ir

(2
0
1
1
)
[2

8
]

C
as
e
re
p
or
t

1
A
d
en

o
ca

rc
in
om

a
54

A
Er
lo
tin

ib
(r
o
ut
e
N
R)

D
u
ra

n
d
(2

0
0
7
)
[2

3
]

C
as
e
re
p
or
t

1
M
et
as
ta
ti
c
os
te
os
ar
co

m
a

57
A

Ifo
sf
am

id
e
IV

V
ad

h
a
n
-R

a
j
(2

0
1
5
)
[3

1
]

C
ro
ss
o
ve

r
RC

T
47

M
al
ig
n
an

cy
N
R

F
Ifo

sf
am

id
e
(r
ou

te
N
R)

Im
b
s
(2

0
1
6
)
[2

5
]

C
ro
ss
o
ve

r
st
u
dy

32
So

lid
m
al
ig
n
an

cy
56

(2
4–

72
)

A
Pa

zo
pa

ni
b
PO

Lo
o
s
(2

0
0
7
)
[2

7
]

C
ro
ss
o
ve

r
st
u
dy

12
A
d
va

n
ce

d
so
lid

m
al
ig
n
an

cy
56

(N
R)

A
Vi
no

re
lb
in
e
IV

Eg
er

er
(2

0
1
0
)
[2

4
]

PK
su
b-
st
ud

y
of

pa
ra
lle

lR
C
T

30
M
ul
ti
p
le

m
ye

lo
m
a

A
p
re
pi
ta
nt

ar
m
:5

7.
4
(4
0–

69
)a

A
M
el
p
ha

la
n
IV

Pl
ac

eb
o
ar
m
:6

2.
1
(3
9–

71
)a

N
o
n
-a
n
ti
n
eo

p
la
st
ic

d
ru

g
s

M
cC

re
a
(2

0
0
3
)
[4

4
]

C
ro
ss
o
ve

r
RC

T
G
1
:2

0
H
ea

lt
hy

G
1
:3

4
(2
0–

46
)a

A
G
1
:D

ex
am

et
ha

so
n
e
PO

G
2
:1

0
G
2
:3

1
(2
0–

44
)a

G
2
:M

et
hy

lp
re
d
ni
so
lo
n
e
IV

M
ar

b
u
ry

(2
0
1
1
)
[1

1
]

C
ro
ss
o
ve

r
RC

T
G
1
:1

3
H
ea

lt
hy

D
ex

am
et
h
as
o
ne

ar
m
:2

9
.7

(1
8
–
45

)a
F

G
1
:D

ex
am

et
ha

so
n
e
PO

G
2
:1

0
M
id
az
o
la
m
:3

0.
1
(1
8–

44
)a

G
2
:M

id
az
o
la
m

PO

N
a
k
a
d
e
(2

0
0
8
)
[4

5
]

PK
m
o
de

lli
ng

st
ud

y
75

5
Ja
p
an

es
e
he

al
th
y
pa

ti
en

ts
an

d
pa

tie
nt
s
w
it
h
so
lid

m
al
ig
n
an

cy
N
o
de

xa
m
et
ha

so
ne

:6
2
(2
0–

80
)

A
D
ex

am
et
h
as
o
ne

IV

D
ex

am
et
h
as
o
ne

ar
m
:6

3
(2
3
–
80

)

T
a
k
a
h
a
sh

i
(2

0
1
1
)
[5

0
]

Pa
ra
lle

lR
C
T

20
Ja
p
an

es
e
ca

nc
er

pa
ti
en

ts
re
ce

iv
in
g

ch
em

ot
h
er
ap

y
A
p
re
pi
ta
nt

12
5/
80

/8
0:

59
.7

(4
7–

71
)a

A
D
ex

am
et
h
as
o
ne

IV

A
p
re
pi
ta
nt

40
/2
5/
25

:6
3
.6

(5
5
–
72

)a

B
lu
m

(2
0
0
3
)
[3

6
]

C
ro
ss
o
ve

r
RC

T
G
1
:1

7
H
ea

lt
hy

G
1
:2

7.
9
(1
8–

44
)a

A
G
1
:G

ra
n
is
et
ro
n
PO

G
2
:1

5
G
2
:3

4.
4
(1
9–

46
)a

G
2
:O

nd
an

se
tr
on

IV

Li
(2

0
0
6
)
[4

1
]

C
ro
ss
o
ve

r
RC

T
12

H
ea

lt
hy

N
R
(1
9
–
52

)
A

D
o
la
se
tr
o
n
PO

M
aj
u
m

d
a
r
(2

0
0
3
)
[9

]
C
ro
ss
o
ve

r
RC

T
16

H
ea

lt
hy

30
(2
0–

43
)a

A
M
id
az
ol
am

PO

(c
on

tin
ue

s)

P. Patel et al.

2152 Br J Clin Pharmacol (2017) 83 2148–2162



Ta
b
le

1
(C

on
tin

ue
d
)

A
rt
ic
le

(F
ir
st

au
th

o
r,

ye
ar

)
St

u
d
y

d
es

ig
n

N
P
o
p
u
la
ti
o
n

M
ed

ia
n
ag

e
(r
an

g
e)

,
ye

ar
s

A
p
re

p
it
a
n
t
(A

)
o
r

Fo
sa

p
re

p
it
a
n
t
(F
)

V
ic
ti
m

d
ru

g

Sh
ad

le
(2

0
0
4
)
[4

7
]

Pa
ra
lle

lR
C
T

24
H
ea

lt
hy

A
p
re
pi
ta
nt
:2

9
(1
8
–
40

)a
A

M
id
az
ol
am

IV

Pl
ac

eb
o
:2

9
(2
1–

44
)a

To
lb
ut
am

id
e
PO

M
aj
u
m

d
a
r
(2

0
0
7
)
[4

3
]

C
ro
ss
o
ve

r
RC

T
12

H
ea

lt
hy

N
R
(2
0
–
36

)
A

M
id
az
ol
am

IV

St
o
ch

(2
0
1
1
)
[4

9
]

C
ro
ss
o
ve

r
st
u
dy

12
H
ea

lt
hy

34
(2
2–

44
)a

A
M
id
az
ol
am

PO
an

d
IV

Fu
ji
w
ar

a
(2

0
1
4
)
[3

9
]

C
ro
ss
o
ve

r
st
u
dy

20
St
ag

e
IV

ca
nc

er
66

.5
(4
4–

77
)

A
O
xy

co
do

ne
PO

Sh
ah

(2
0
0
5
)
[4

8
]

C
ro
ss
o
ve

r
RC

T
12

H
ea

lt
hy

29
.9

(N
R)

a
A

Pa
lo
no

se
tr
o
n
IV

M
ai
e
(2

0
1
4
)
[4

2
]

C
ro
ss
o
ve

r
st
u
dy

8
Ly
m
p
ho

m
a

N
R

A
Pr
ed

ni
so
lo
ne

PO

V
er

w
im

p
-H

o
ek

s
(2

0
1
2
)
[5

2
]

C
as
e
re
p
or
t

1
La

ry
n
ge

al
ca

rc
in
o
m
a
+
d
ep

re
ss
io
n

+
an

xi
et
y

44
A

Q
ue

ti
ap

in
e
PO

Ib
ra

h
im

(2
0
0
8
)
[4

0
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

26
Re

du
ce

d
in
te
ns
it
y
H
SC

T
pa

ti
en

ts
52

.5
(1
8–

68
)

A
Ta

cr
ol
im

us
IV

N
g
o
(2

0
0
9
)
[4

6
]

Pa
ra
lle

lR
C
T

22
H
ea

lt
hy

A
p
re
pi
ta
nt
:2

7
(1
9
–
37

)
A

To
lb
ut
am

id
e
PO

Pl
ac

eb
o
:2

6
(1
9–

39
)

D
ep

re
(2

0
0
5
)
[3

7
]

Pa
ra
lle

lR
C
T

22
H
ea

lt
hy

29
(2
1–

45
)a

A
W
ar
fa
ri
n
PO

Fe
u
ri
n
g
(2

0
0
3
)
[3

8
]

C
ro
ss
o
ve

r
RC

T
11

H
ea

lt
hy

29
.6

(2
2–

45
)a

A
D
ig
o
xi
n
PO

B
a
ll
(2

0
1
4
)
[3

5
]

Pa
ra
lle

lR
C
T

23
6

M
aj
o
r
de

pr
es
si
ve

di
so
rd
er

38
.9

(1
8–

65
)

A
Pa

ro
xe

tin
e
PO

te
B
ee

k
(2

0
1
3
)
[5

1
]

C
ro
ss
o
ve

r
RC

T
17

H
ea

lt
hy

27
(1
8–

53
)a

A
A
lc
o
ho

lI
V

C
li
n
ic
al

d
ru

g
in
te

ra
ct

io
n
p
u
b
li
ca

ti
o
n
s
(i
.e
.p

u
b
li
ca

ti
o
n
s
th

a
t
d
id

n
o
t
re

p
o
rt

p
h
ar

m
a
co

k
in
e
ti
c
d
a
ta

)

A
n
ti
n
eo

p
la
st
ic

d
ru

g
s

K
a
m
e
d
a
(2

0
1
4
)
[6

0
]

Pr
o
sp
ec

ti
ve

ob
se
rv
at
io
na

l
co

ho
rt
st
ud

y
20

Ja
p
an

es
e,

br
ea

st
ca

n
ce

r
48

.5
(2
3–

67
)b

F
A
n
th
ra
cy

cl
in
e
IV

Sa
to

(2
0
1
4
)
[6

4
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

56
Re

ce
iv
in
g
fo
sa
p
re
p
it
an

t
th
ro
u
gh

pe
rip

he
ra
lI
V
lin

e
50

(3
1–

85
)

F
A
n
th
ra
cy

cl
in
e
IV

Lu
n
d
b
er

g
(2

0
1
4
)
[6

1
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

15
0

Pa
ti
en

ts
ad

m
in
is
te
re
d

fo
sa
pr
ep

it
an

t
IV

th
ro
u
gh

a
pe

rip
he

ra
lv

ei
n

Re
ac

tio
n
gr
ou

p
:5

4
(I
Q
R:

49
–
62

)
F

A
n
th
ra
cy

cl
in
e
IV

N
o
re
ac
ti
o
n
gr
ou

p
:5

9
(I
Q
R:

51
–
67

)

M
o
g
i
(2

0
1
4
)
[6

2
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

80
C
o
lo
re
ct
al

ca
nc

er
N
R

F
A
n
th
ra
cy

cl
in
e
IV

Fu
ji
i
(2

0
1
5
)
[5

5
]

Re
tr
os
p
ec

ti
ve

st
ud

y
26

7
Pa

ti
en

ts
ad

m
in
is
te
re
d

an
th
ra
cy

cl
in
e
or

ci
sp

la
tin

ba
se
d

re
g
im

en
no

t
th
ro
ug

h
a
ce

nt
ra
ll
in
e

54
.3

(N
R)

a
A
/F

A
n
th
ra
cy

cl
in
e/

Pl
at
in
um

IV

H
eg

er
o
va

(2
0
1
5
)
[5

6
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

18
0

Pa
ti
en

ts
ad

m
in
is
te
re
d
pl
at
in
um

-
ba

se
d
th
er
ap

y
no

t
co

nt
ai
ni
ng

an
th
ra
cy

cl
in
e
or

pa
ti
en

ts
ad

m
in
is
te
re
d
an

th
ra
cy

cl
in
e-

cy
cl
op

h
os
ph

am
id
e
he

m
o
th
er
ap

y

Pl
at
in
um

-b
as
ed

ch
em

o
th
er
ap

y:
46

.4
(2
2–

77
)a

F
A
n
th
ra
cy

cl
in
e/

Pl
at
in
um

IV

A
n
th
ra
cy

cl
in
e-
b
as
ed

ch
em

ot
he

ra
py

:
53

.3
(3
1–

74
)a

(c
on

tin
ue

s)

Aprepitant and fosaprepitant drug interactions

Br J Clin Pharmacol (2017) 83 2148–2162 2153



Ta
b
le

1
(C

on
tin

ue
d
)

A
rt
ic
le

(F
ir
st

au
th

o
r,

ye
ar

)
St

u
d
y

d
es

ig
n

N
P
o
p
u
la
ti
o
n

M
ed

ia
n
ag

e
(r
an

g
e)

,
ye

ar
s

A
p
re

p
it
a
n
t
(A

)
o
r

Fo
sa

p
re

p
it
a
n
t
(F
)

V
ic
ti
m

d
ru

g

T
su

d
a
(2

0
1
6
)
[7

3
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

10
0

C
h
em

o
-n
aï
ve

br
ea

st
ca

nc
er

pa
tie

nt
s
re
ce

iv
in
g
an

th
ra
cy
cl
in
e-

co
nt
ai
n
in
g
ch

em
ot
h
er
ap

y

A
p
re
pi
ta
nt
:5

2
(3
0
–
75

)
A
/F

A
n
th
ra
cy

cl
in
e
IV

Fo
sa
pr
ep

it
an

t:
47

(3
1–

66
)

R
u
el
la
n
(2

0
1
2
)
[6

3
]

C
as
e
re
p
or
t

1
Er
th
yr
o
de

rm
ic

Se
za
ry

sy
nd

ro
m
e

65
A

Be
xa

ro
te
ne

PO

Sa
ss
ie
r
(2

0
1
6
)
[7

1
]

C
as
e
re
p
or
t

1
N
o
n-
sm

al
lc
el
ll
un

g
ca

nc
er

an
d

br
ai
n
m
et
as
ta
se
s

56
A

Er
lo
tin

ib
(r
o
ut
e
N
R)

H
o
w
el
l
(2

0
0
8
)
[5

8
]

Re
tr
os
p
ec

ti
ve

co
ho

rt
st
ud

y
45

Sa
rc
om

a
A
p
re
pi
ta
nt
:5

3
(N

R)
a

A
Ifo

sf
am

id
e
IV

N
o
ap

re
pi
ta
nt
:4

8
(N

R)
a

H
o
(2

0
1
0
)
[5

7
]

Re
tr
os
p
ec

ti
ve

ca
se
–
co

nt
ro
l

54
Sa

rc
om

a
C
as
es
:4

8
(N

R)
a

A
Ifo

sf
am

id
e
IV

C
o
nt
ro
ls
:4

4
.8

(N
R)

a

St
er

n
(2

0
1
5
)
[6

7
]

Re
tr
os
p
ec

ti
ve

st
ud

y
18

7
Tr
ea

te
d
w
it
h
ifo

sf
am

id
e

27
(0
–
78

)
A

Ifo
sf
am

id
e
IV

C
h
en

a
f
(2

0
1
5
)
[5

4
]

Re
tr
os
p
ec

ti
ve

re
vi
ew

of
ph

ar
m
ac
o
vi
gi
la
nc

e
da

ta
ba

se
17

8
Tr
ea

te
d
w
it
h
ifo

sf
am

id
e
an

d
ex

pe
ri
en

ci
n
g
ne

ur
ot
ox

ic
it
y

Br
an

d
na

m
e:

49
(N

R)
A

Ifo
sf
am

id
e
(r
ou

te
N
R)

G
en

er
ic
:1

4
(N

R)

G
u
p
ta

(2
0
1
6
)
[6

9
]

Re
tr
os
p
ec

ti
ve

ch
ar
t
re
vi
ew

81
Tr
ea

te
d
w
it
h
ifo

sf
am

id
e

N
R

F
Ifo

sf
am

id
e
IV

M
ah

e
(2

0
1
6
)
[7

0
]

Re
tr
os
p
ec

ti
ve

st
ud

y
21

3
Tr
ea

te
d
w
it
h
ifo

sf
am

id
e

13
(1
–
20

)c
A

Ifo
sf
am

id
e
(r
ou

te
N
R)

Ja
rk

o
w
sk

i
(2

0
0
8
)
[5

9
]

C
as
e
re
p
or
t

1
M
al
ig
n
an

t
pe

ri
p
he

ra
ln

er
ve

sh
ea

th
tu
m
o
ur

24
A

Ifo
sf
am

id
e
IV

M
cD

o
n
n
el
l
(2

0
1
2
)
[6

8
]

C
as
e
re
p
or
t

1
N
o
n-
H
o
dg

ki
n
ly
m
p
ho

m
a

66
A

Ifo
sf
am

id
e
(r
ou

te
N
R)

Sh
in
d
o
rf

(2
0
1
3
)
[6

6
]

C
as
e
re
p
or
ts

2
C
1
:O

va
ri
an

m
al
ig
n
an

t
m
ix
ed

m
es
od

er
m
al

tu
m
o
ur

(M
M
M
T)
,C

2:
ut
er
in
e
M
M
M
T

C
1
:

A
Ifo

sf
am

id
e
IV

67
C
2:

41

Se
jo
u
rn

e
(2

0
1
4
)
[6

5
]

C
as
e
re
p
or
ts

2
C
1
:u

te
ri
ne

le
io
m
yo

sa
rc
om

a
C
1
:3

9
A

Ifo
sf
am

id
e
IV

C
2
:p

le
io
m
or
p
hi
c

rh
ab

do
m
yo

sa
rc
om

a
C
2
:7

5

B
a
rt
h
el
em

i
(2

0
1
5
)
[5

3
]

C
as
e
se
ri
es

10
Ifo

sf
am

id
e-
in
du

ce
d

en
ce

ph
al
op

at
h
y

N
R
(8

ch
ild

re
n:

2–
15

;2
ad

ul
ts
:5

1
an

d
80

)
A

Ifo
sf
am

id
e
(r
ou

te
N
R)

Su
n
el
a
(2

0
1
6
)
[7

2
]

C
as
e
re
p
or
ts

2
C
1
:o

st
eo

sa
rc
o
m
a
w
it
h
pr
ev

io
us

hi
st
or
y
of

br
ea

st
ca

nc
er

C
1
:5

9
A

Ifo
sf
am

id
e
IV

C
2
:m

et
as
ta
ti
c
sa
rc
om

a
C
2
:6

5

N
o
n
-a
n
ti
n
eo

p
la
st
ic

d
ru

g
s

W
a
ls
h
(2

0
1
3
)
[7

8
]

C
ro
ss
o
ve

r
RC

T
8

Ill
ic
it
op

io
id

us
er
s

32
.3

(N
R)

a
A

O
xy

co
do

ne
in
tr
an

as
al

an
d

PO

Jo
n
es

(2
0
1
3
)
[7

4
]

Pa
ra
lle

lR
C
T

15
M
et
h
ad

on
e-
m
ai
nt
ai
ne

d
p
at
ie
nt
s

w
it
h
op

io
id

ab
us
e
an

d
de

pe
nd

en
ce

47
.3

(3
1–

59
)a

A
M
et
h
ad

o
ne

PO

M
ir

(2
0
1
2
)
[7

5
]

Re
tr
os
p
ec

ti
ve

ca
se
–
co

nt
ro
ls
tu
dy

44
C
h
em

o
th
er
ap

y
na

ïv
e
pa

ti
en

ts
re
ce

iv
in
g
SS

RI
or

SN
RI

59
(3
4–

78
)

A
SS

RI
(r
ou

te
N
R)

(c
on

tin
ue

s)

P. Patel et al.

2154 Br J Clin Pharmacol (2017) 83 2148–2162



Ta
b
le

1
(C

on
tin

ue
d
)

A
rt
ic
le

(F
ir
st

au
th

o
r,

ye
ar

)
St

u
d
y

d
es

ig
n

N
P
o
p
u
la
ti
o
n

M
ed

ia
n
ag

e
(r
an

g
e)

,
ye

ar
s

A
p
re

p
it
a
n
t
(A

)
o
r

Fo
sa

p
re

p
it
a
n
t
(F
)

V
ic
ti
m

d
ru

g

T
a
k
a
k
i
(2

0
1
6
)
[8

2
]

Re
tr
os
p
ec

ti
ve

st
ud

y
14

Pa
ti
en

ts
re
ce

iv
in
g
an

ti
ca

nc
er

th
er
ap

y
59

(3
3–

78
)a

A
W
ar
fa
ri
n
PO

Y
an

o
(2

0
1
1
)
[7

9
]

C
as
e
re
p
or
ts

2
C
1
:o

va
ri
an

m
al
ig
n
an

cy
+

di
ss
em

in
at
ed

in
tr
av

as
cu

la
r

co
ag

ul
at
io
n

C
1
:5

0
A

W
ar
fa
ri
n
PO

C
2
:p

er
it
on

ea
lr
ec

ur
re
nc

e
an

d
liv
er

m
et
as
ta
si
s
of

ut
er
in
e
ce

rv
ic
al

ad
en

o
ca

rc
in
om

a

C
2
:4

3

O
h
n
o
(2

0
1
4
)
[7

7
]

C
as
e
re
p
or
ts

2
C
1
:s
m
al
lc

el
ll
un

g
ca

nc
er

+
at
ri
al

fi
br
ill
at
io
n,

Ja
p
an

es
e

C
1
:6

0
A

W
ar
fa
ri
n
PO

C
2
:e

n
do

m
et
ri
al

ca
rc
in
om

a
+

pu
lm

on
ar
y
th
ro
m
b
os
is
an

d
de

ep
ve

in
th
ro
m
b
os
is
,J
ap

an
es
e

C
2
:4

7

N
a
k
a
n
o
(2

0
1
5
)
[7

6
]

C
as
e
re
p
or
t

1
Sq

ua
m
o
us

ce
ll
ca

rc
in
om

a
in
cl
ud

in
g

ur
ot
h
el
ia
lc

ar
ci
n
om

a
+
de

ep
ve

in
th
ro
m
b
os
is

64
A

W
ar
fa
ri
n
PO

In
a
g
a
k
i
(2

0
1
5
)
[8

0
]

C
as
e
re
p
or
t

1
C
le
ar

ce
ll
ca

rc
in
om

a
+
pu

lm
on

ar
y

em
b
ol
is
m

63
A

W
ar
fa
ri
n
(r
ou

te
N
R)

O
k
ad

a
(2

0
1
6
)
[8

1
]

C
as
e
re
p
or
t

1
Rh

ab
d
om

yo
sa
rc
o
m
a
an

d
oc

cl
u
si
on

of
le
ft
m
id
d
le

ce
re
br
al

ar
te
ry
,

Ja
p
an

es
e

15
A

W
ar
fa
ri
n
PO

RC
T,

ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l;
N
R,

no
tr
ep

or
te
d
;P

K
,p

h
ar
m
ac

o
ki
ne

ti
c;
IQ

R,
in
te
rq
ua

rt
ile

ra
n
ge

;C
1:

ca
se

1,
C
2:

ca
se

2;
G
1
:g

ro
up

1;
G
2
:g

ro
up

2;
SS

RI
,s
el
ec

tiv
e
se
ro
to
n
in

re
up

ta
ke

in
hi
b
it
or
;S

N
RI
,

se
ro
to
ni
n
an

d
no

re
p
in
ep

hr
in
e
re
up

ta
ke

in
hi
bi
to
r

a M
ea

n
ag

e
an

d
ra
ng

e
re
p
or
te
d

b
C
h
ar
ac

te
ri
st
ic
s
of

6
p
at
ie
nt
s
w
ho

ex
p
er
ie
nc

ed
va

sc
ul
ar
-p
ai
n
on

ly
p
re
se
n
te
d
b
y
st
ud

y
au

th
or
s

c P
at
ie
nt
s
w
ho

ex
p
er
ie
nc

ed
ne

ur
ot
ox

ic
it
y

Aprepitant and fosaprepitant drug interactions

Br J Clin Pharmacol (2017) 83 2148–2162 2155



One prospective study [60] and six retrospective studies
[55, 56, 61, 62, 64, 73] evaluated the incidence of phlebitis
when fosaprepitant and anthracycline chemotherapy were
administered via the same peripheral vein. Two of these
studies compared the incidence of this adverse event in
patients receiving anthracycline vs. non-anthracycline
chemotherapy [55, 56]. In these studies, the reported odds
ratios of having phlebitis with fosaprepitant and anthra-
cycline therapy vs. fosaprepitant andplatinumchemotherapy
were 12.95 (95% CI: 5.74 to 29.2) [55] and 8.1 (95% CI: 2.0 to
31.9) [56]. Other studies comparing phlebitis rates with/
without fosaprepitant also noted statistically significant
increases in phlebitis with fosaprepitant compared to
aprepitant [62, 64, 73].

Thirteen publications (six retrospective studies, nine case
reports and one case series) [23, 53, 54, 57–59, 65–70, 72]
evaluated neurotoxicity associated with the combination of

ifosfamide and aprepitant/fosaprepitant. The interaction
between aprepitant and ifosfamide was a probable cause of
neurotoxicity in one of the nine case reports (DIPS: 6) [23].
Neurotoxicity was unlikely to be due to an interaction
between ifosfamide and aprepitant/fosaprepitant in the
remaining case reports (DIPS: <5) [59, 65, 66, 68, 72]. Results
from the retrospective studies, four specifically evaluating
the co-administration of ifosfamide IV with aprepitant/
fosaprepitant [57, 58, 69, 70] and two evaluating general risk
factors for ifosfamide-induced neurotoxicity [54, 67], did not
demonstrate an increased likelihood of ifosfamide-induced
neurotoxicity or encephalopathy in the presence of
aprepitant/fosaprepitant.

Non-antineoplastic drugs. Fourteen included studies [35, 43,
46, 51, 52, 74–82] described potential drug interactions
between aprepitant and alcohol IV, methadone PO,

Table 2
Summary of findings regarding pharmacokinetic interactions with aprepitant/fosaprepitant

Drugs evaluated for pharmacokinetic interactions with aprepitant

Clinically significant interactiona: Antineoplastic agents: bosutinib PO
cabazitaxel IV
cyclophosphamide IV

Non-antineoplastic agents: dexamethasone PO
methylprednisolone IV
midazolam IV and PO
oxycodone PO
tolbutamide PO

Possibly significant interactionb: Antineoplastic agents: erlotinib (route not reported) ifosfamide IV
pazopanib PO
thiotepa IV

Non-antineoplastic agents: dexamethasone IV
paroxetine PO
quetiapine PO
tacrolimus IV

Possibly no clinically significant interactionc: Antineoplastic agents: melphalan IV

Non-antineoplastic agents: alcohol IV
prednisolone PO

No clinically significant interactiond: Antineoplastic agents: dinaciclib IV
docetaxel IV
vinorelbine IV

Non-antineoplastic agents: digoxin PO
dolasetron PO
granisetron PO
ondansetron IV
palonosetron IV
warfarin PO

Drugs evaluated for pharmacokinetic interactions with fosaprepitant

Clinically significant interactiona: Antineoplastic agents: none evaluated

Non-antineoplastic agents: dexamethasone PO midazolam PO

No clinically significant interactionc: Antineoplastic agents: ifosfamide IV

Non-antineoplastic agents: none evaluated

aMet pre-defined definition of clinical significance;
bSignificant change in pharmacokinetic parameters observed; GMR of Cmax or AUC not provided;
cNo significant change in pharmacokinetic parameters observed; GMR of Cmax or AUC not provided;
dDid not meet pre-defined definition of clinical significance
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midazolam IV, oxycodone intranasal and PO, selective
serotonin reuptake inhibitors/serotonin-norepinephrine
reuptake inhibitors PO (SSRIs/SNRIs), paroxetine PO,
quetiapine PO, tolbutamide PO, and warfarin PO. A
probable interaction was observed between aprepitant and
alcohol IV [51], oxycodone [78], quetiapine PO [52],
SSRIs/SNRIs [75] and warfarin [76, 77, 79, 82].

A randomized crossover study evaluating the pharmaco-
kinetics of alcohol IV with/without aprepitant also condu-
cted psychomotor and cognitive function tests on its
subjects. A statistically significant decline in function was
found for immediate pattern recognition (P = 0.043) and
adaptive tracking at 7.5 h (P = 0.043) when aprepitant was
given concomitantly with alcohol IV. However, study
authors concluded that these differences were not clinically
relevant [51].

A randomized crossover study examined the effects of
aprepitant on the subjective and physiologic response to
oxycodone in individuals with opioid abuse to identify
whether neurokinin-1 receptor antagonists diminish the
effects of opioids related to their abuse potential [78]. A
statistically significant enhanced response to high oxyco-
done doses was noted in the presence of aprepitant with
aprepitant increasing the ‘high’ that patients experienced
(PO oxycodone: P = 0.39; intranasal oxycodone: P = 0.007)
and the estimated street value of the oxycodone (PO
oxycodone: P = 0.023; intranasal oxycodone: P = 0.004). A
lower respiratory rate (PO oxycodone: P < 0.025; intranasal
oxycodone: 0.005) and increased end tidal carbon dioxide
(PO oxycodone: P = 0.028; intranasal oxycodone: P = 0.001)
was also noted in the presence of aprepitant.

A case report suggested a probable interaction between
quetiapine PO and aprepitant (DIPS: 6). Deep somnolence
was reported when aprepitant was administered with
quetiapine on days the patient was receiving
chemotherapy [52].

In addition, a retrospective, case–control study found that
patients receiving aprepitant together with SSRIs/SNRIs PO
had higher rates of National Cancer Institute-Common
Toxicity Criteria version 3.0 (NCI-CTC v3.0) grade 2 or
greater vomiting than a patient not receiving a SSRI or SNRI
(P = 0.04) [75].

One retrospective study and seven case reports described
changes to International Normalized Ratio (INR) following
the initiation of aprepitant administration in patients
receiving chronic warfarin therapy [76, 77, 79–82]. The
retrospective study reported statistically significant increases
in INR during the first week after aprepitant administration
(P = 0.0000149) and significant decreases 2 weeks after
aprepitant administration (P = 0.00069) vs. the week prior to
aprepitant administration. The DIPS scores for four of these
case reports indicated that an interaction between aprepitant
and warfarin PO was probable [76, 77, 79].

Discussion
Interactions between aprepitant/fosaprepitant and bosutinib
PO [34], cabazitaxel IV [30], cyclophosphamide IV [32],
dexamethasone PO [11, 44], methylprednisolone IV [44],
midazolam PO/IV [9, 43, 47, 49], oxycodone PO [39] and

tolbutamide PO [47] were clinically significant as defined by
the FDA [17]. In addition, clinical descriptions of adverse
events probably or highly probably caused by co-
administration of aprepitant or fosaprepitant with alcohol
IV [51], anthracyclines IV [55, 56, 60–62, 64, 73], ifosfamide
IV [23], midazolam IV [43], oxycodone intranasal and PO
[78], quetiapine PO [52], SSRIs/SNRIs [75] and warfarin PO
[76, 77, 79, 82] were identified.

Midazolam and tolbutamide are commonly used as
probes in drug interaction studies to determine whether the
investigated drug is an inhibitor or inducer of CYP3A4 or
CYP2C9, respectively [17]. Included publications using
midazolam PO support the classification of fosaprepitant as
a weak CYP3A4 inhibitor [11] and aprepitant as a moderate
CYP3A4 inhibitor [9] after the administration of the usual
adult doses for CINV prevention. Delayed effects of
aprepitant as a weak CYP3A4 inducer [47, 49] and a weak
CYP2C9 inducer have also been noted several days after the
administration of aprepitant [47].

Interestingly, the information required to apply the FDA
definition of a significant interaction was not provided in
40% (14/35) of included pharmacokinetic studies. However,
in 10 of these 14 publications, significant differences in
pharmacokinetic parameters other than GMR for Cmax or
AUC were reported for the following victim drugs:
dexamethasone IV, erlotinib (route not reported), ifosfamide
IV, quetiapine PO, pazopanib PO, paroxetine PO, tacrolimus
IV and thiotepa IV [22, 23, 25, 28, 35, 40, 45, 50, 52]. Hence,
there is a possibility that these interactions may be clinically
significant and caution is advisable when these drugs are
administered with aprepitant.

In several instances (e.g. dinaciclib IV, ifosfamide,
vinorelbine IV, dolasetron PO (poor metabolizers), grani-
setron PO, ondansetron IV and palonosetron IV), conside-
rable variability in the GMR was observed and the upper or
lower limit of the 90% CI exceeded the GMR threshold for
clinical significance [27, 31, 33]. The FDA guidance
document states that a drug interaction can be considered
not to be clinically significant if the 90% CI for the systemic
exposure ratios fall completely within 80 to 125% [17]. Thus,
cases where the 90% CIs for the GMR for AUC or Cmax fall
outside this range may be a cause for concern.

Cyclophosphamide IV merits discussion since pharmaco-
kinetic data were not reported consistently across the three
included publications that describe the co-administration of
aprepitant and cyclophosphamide [21, 22, 32]. One of these
three publications reported GMRs for AUC and Cmax

with/without aprepitant and a designation of a clinically
significant interaction was made based on this information
[32]. Study authors for the other two publications did not
report a clinically significant interaction. However, specific
AUC and Cmax values were not reported in either of these
publications and we were unable to draw conclusions based
on our predefined definition [21, 22].

Reports of the interaction between ifosfamide and
aprepitant/fosaprepitant were also conflicting. While case
reports [23, 59, 65, 66, 72] attributed ifosfamide-induced
neurotoxicity to an aprepitant-ifosfamide drug interaction,
only one case report had a DIPS score that would suggest that
the interaction was the probable cause (DIPS score: 6) [23].
The included retrospective studies did not report P-values or
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demonstrate a statistically significant difference in
ifosfamide-induced neurotoxicity rates in the presence of
aprepitant [54, 57, 58, 67, 69, 70]. Furthermore, results from
a randomized crossover trial reported GMRs for Cmax and
AUC with/without fosaprepitant that did not meet our
definition of a clinically significant interaction [31]. Large,
prospective studies are required to determine risk factors,
including the co-administration of aprepitant or fosapre-
pitant, for ifosfamide-induced neurotoxicity.

All of the victim drugs that were found to have a clinically
significant pharmacokinetic interaction with aprepitant or
fosaprepitant were CYP3A4 or CYP2C9 substrates, consistent
with what is known about the pharmacology of aprepitant
and fosaprepitant. However, several CYP3A4 or CYP2C9
substrates were found not to interact to a clinically significant
extent with aprepitant or fosaprepitant. Co-administration of
aprepitant and CYP3A4 substrates which were also substrates
of p-glycoprotein or other efflux transporters (Supporting
Information Appendix S4) often did not lead to significant
changes in pharmacokinetic disposition. We speculate that,
for these drugs, elimination via alternative pathways
compensates for inhibition of CYP3A4 by
aprepitant/fosaprepitant and mitigates the magnitude of the
interaction.

Patient-related factors may also influence the magnitude
of a CYP3A4-mediated drug interaction. Patients with
increased sensitivity to CYP3A4 inhibition or with reduced
capacity to compensate for CYP3A4 inhibition may be at
higher risk of clinically significant interactions with
aprepitant or fosaprepitant. For example, patients may have
reduced CYP3A4 and hepatic drug transporter activity by
virtue of their age, disease states, genotype or concurrent drug
therapy. Patients with inflammatory conditions or cancer
may also have reduced CYP3A4 capacity [83]. Young children
may be particularly vulnerable since CYP3A4 concentrations
steadily increase after birth and reach 30–40% of adult levels
during the first year of life [84]. Similarly, the activities of
potentially compensatory pathways such as hepatic drug
transporters p-glycoprotein and organic anion-transporting
polypeptide transporters increase with age [85].

The strength of this systematic review is its rigorous
approach to identify drug interaction publications, its
application of a well-recognized definition of clinical
significance of drug interactions and its use of a validated tool
to assess the probability of adverse events described in case
reports.

It is limited by the small sample size of many of the
included studies and lack of power to detect differences in
adverse events, as well as, at least for the non-antineoplastic
victim medications, the conduct of many studies in healthy
subjects. This limits the external generalizability of study
results and was reflected in the quality assessment of included
studies. Our ability to assess the clinical significance of
pharmacokinetic interactions was also limited by the
proportion of reports which did not present values for GMR
for AUC or Cmax. With respect to the drug interaction studies
reporting adverse events, an association between the
reported adverse event and co-administration of aprepitant
and a victim drug could not always be confirmed as a result
of multiple confounding factors. For example, many of the
studies evaluating ifosfamide-induced neurotoxicity were

confounded by the presence of other potential risk factors,
such as plasma albumin concentrations and co-adminis-
tration of central nervous system acting agents. This
ambiguity is reflected in the DIPS scores. Furthermore, the
evaluation of adverse events related to drug interactions was
limited to the timeframe of the studies. It is possible that
changes in exposure to chemotherapy may have long-term
consequences. No publication was identified that evaluated
the long-term effects of an aprepitant/fosaprepitant drug
interaction. This is an evidence gap that requires further
investigation.

Despite these limitations, the findings of this systematic
review are generalizable to adults with cancer since most
studies (27/34) evaluated drug interactions after a single
125 mg dose of aprepitant or when given at the FDA-
approved adult dose (Supplemental Tables S6–S9). The
findings are also generalizable to most children since CYP3A4
activity approaches adult levels by early childhood.

Conclusion
Using systematic methods, we identified clinically significant
interactions between aprepitant and fosaprepitant and 14
drugs. Administration of fosaprepitant and anthracycline
antineoplastic agents via the same peripheral vein should be
avoided. Dose adjustment of the victim drug or use of
antiemetic agents other than aprepitant or fosaprepitant
should be considered for patients receiving dexamethasone
PO, methylprednisolone IV, midazolam PO/IV, oxycodone
PO, or tolbutamide PO. We suggest that neurokinin-1
receptor antagonists without CYP3A4 activity be considered
for patients receiving bosutinib PO, cabazitaxel IV or
cyclophosphamide IV. Although less clear, the use of
antiemetics other than aprepitant/fosaprepitant may be
appropriate in patients receiving erlotinib, pazopanib IV or
thiotepa IV. Our findings are summarized in Table 2.
Individuals with reduced capacity to metabolize drugs via
CYP3A4 or other pathways, including neonates and young
children, may be at higher risk of experiencing clinically
significant interactions due to aprepitant/fosaprepitant drug
co-administration.
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